Background: There is variability in access to and utilization of orthopaedic care, particularly for those with Medicaid insurance. One potential contributor is perceived unwillingness of surgeons and hospitals to accept underinsured patients. We used administrative data to examine the payer mix for select inpatient orthopaedic surgical procedures at all hospitals within a single region, hypothesizing that the delivery of orthopaedic surgery to Medicaid beneficiaries varies highly at the hospital level.
N ational and regional geographic variation in the delivery of orthopaedic care has been noted 1,2 , particularly for elective procedures such as lumbar spine surgery and total joint arthroplasty. Similarly, variation in utilization of surgical care has been demonstrated within large urban areas, with differences based on population ethnicity and socioeconomic status 3, 4 . Patients with Medicaid insurance travel further for evaluation by orthopaedic hand surgeons 5 and spine surgeons 6 compared with those with private insurance. These discrepancies in travel distance suggest that patients with Medicaid have difficulty accessing care locally, which has been corroborated by a number of "secret shopper" studies 5, [7] [8] [9] . Many physicians, including 40% of orthopaedic surgeons 10 , are hesitant to see Medicaid patients, potentially because of low reimbursement and the challenge of caring for socially complex patients. These barriers to accessing care encountered by Medicaid patients may be exacerbated by health policy reforms geared toward value-based payment, as health-care providers may become even more risk-averse.
Our goal was to examine the delivery of inpatient orthopaedic care to Medicaid beneficiaries in our metropolitan region. We hypothesized that there was high variability in distribution of care for Medicaid beneficiaries, with some hospitals disproportionately treating Medicaid patients relative to the demographic characteristics of their surrounding communities.
Materials and Methods
D ata for this project were obtained from the Hospital Industry Data Institute (HIDI), Missouri Hospital Association, Jefferson City, Missouri. Exemption from further human subjects research review was obtained from the Washington University Human Research Protection Office. We limited the data set to hospitals within 25 miles of our hospital, which is a private, nonprofit, academic medical center in a metropolitan region. There is no public "safety net" hospital in the region. Selfdesignated pediatric hospitals (n = 3) were excluded from the analysis.
Cohort selection included all hospital admissions for adults who were 18 to 64 years of age coded with an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure code from 2011 to 2016 for 1 of 7 orthopaedic surgical procedures: total knee arthroplasty, total hip arthroplasty, hip hemiarthroplasty, spinal decompression, spinal fusion, femoral fracture repair, or tibial and fibular fracture repair (Table I) . Patients who were ‡65 years of age were excluded because of the near certainty of coverage from either Medicare or commercial insurance. Cases of dual eligibility (for Medicaid and Medicare) were excluded in all groups because Medicare was the primary payer for these cases. To enable the subgroup analysis of elective-only and trauma-only cases, the procedures were further stratified into elective cases (total hip arthroplasty, total knee arthroplasty, spinal decompression, spinal fusion) and trauma cases (hip hemiarthroplasty, femoral fracture repair, tibial and fibular fracture repair). Hospitalizations coded for craniotomy were excluded to minimize the influence of complex chronic conditions associated with multiple hospitalizations (see Appendix Table A ). Hospitalizations coded with multiple fractures (likely representing a polytrauma; see Appendix Table A) were similarly excluded. Additional admission-level variables included age and sex.
Our primary outcome was the proportion of each hospital's total inpatient orthopaedic caseload with Medicaid listed as the primary payer. To maintain focus on the delivery of care to patients living in areas surrounding each hospital, only patients who lived within 10 miles of the hospital were included in this study. To determine the insurance mix surrounding each hospital, we used data from the American Community Survey 2011-2015 5-year estimates 11 . We used the proportion of Medicaid-insured individuals who were ‡18 years of age (age categories: 18 to 34 years and 35 to 64 years), relative to all other insurance types, from the ZIP code centroids located within 10 miles of each hospital as a benchmark for the delivery of care to Medicaid beneficiaries. As a secondary outcome, we calculated a ratio (Medicaid share ratio) of the percentage of Medicaid-funded inpatient orthopaedic surgical procedures relative to the market share of Medicaid within the surrounding community. Both the numerator and the denominator of this ratio were restricted to individuals living within 10 miles of the hospital. For the purposes of our study, we used a Medicaid share ratio of 1 as a benchmark for comparison among hospitals. If the Medicaid share ratio is 1, the Medicaid-funded proportion of each hospital's caseload is equal to that of its surrounding community. To quantify the variation within our region, we calculated the weighted coefficient of variation of the Medicaid share ratio for all cases combined, elective cases only, and trauma cases only. The weighted coefficient of variation was calculated by dividing the weighted standard deviation by the weighted mean 12 and multiplying by 100. A higher weighted coefficient of variation indicates greater variation within the sample. Weighting the coefficient of variation means that each hospital's influence on the overall estimate of variation is proportional to a weighting variable. For each category of admissions (all cases, elective, and trauma), the number of admissions in the category was used as the weighting variable. Forms of the coefficient of variation have been used in prior orthopaedic health services work to quantify variation [13] [14] [15] [16] [17] , with values of >60 being considered very high variation 16, 17 .
Additional descriptive information about each hospital was obtained. Data for Disproportionate Share Hospital (DSH) payments to each hospital were obtained from federal reports 18 20 .
Results
F or all cases (n = 19,204) across 22 hospitals, the mean percentage of inpatient orthopaedic surgical procedures funded by Medicaid was 7.6% (range, 0.2% to 57.3%) ( Table I) . The weighted mean Medicaid share ratio was 1.0 (range, 0.05 to . Across hospitals, the weighted coefficient of variation for Medicaid share was 69, indicating very high variation ( Fig. 1 ). For patients who were 18 to 34 years of age only, the weighted mean Medicaid share ratio was 1.78 (range, 0 to 4.1) (Table II) , and the weighted coefficient of variation was 35. For patients who were 35 to 64 years of age only, the weighted mean Medicaid share ratio was 1.15 (range, 0.07 to 5.44), and the weighted coefficient of variation was 73 (Table II) . When examining elective cases alone (n = 14,917), including total hip arthroplasty, total knee arthroplasty, spinal decompression, and spinal fusion, the mean percentage of surgical procedures funded by Medicaid was 5.5% (range, 0.2% to 64.6%) ( Table I ). The weighted mean Medicaid share ratio was 0.71 (range, 0.05 to 4.73). Across hospitals for elective surgical procedures, the weighted coefficient of variation for Medicaid share was 93, indicating very high variation (Fig. 2) . The weighted coefficient of variation was 70 for patients who were 18 to 34 years of age and 96 for patients who were 35 to 64 years of age (Table II) .
For trauma cases alone (n = 4,287), including hip hemiarthroplasty, femoral fracture repair, and tibial and fibular fracture repair, the mean percentage of surgical procedures funded by Medicaid was 14.7% (range, 0.0% to 35.7%) ( Table I) . The weighted mean Medicaid share ratio was 2.0 (range, 0 to 3.93). Across hospitals for trauma cases, the coefficient of variation for Medicaid share was 34 (Fig. 3) . The weighted coefficient of variation was 27 for patients who were 18 to 34 years of age and 36 for patients who were 35 to 64 years of age (Table II) .
In the last year of available DSH payment data (2013), the mean DSH payment among the 22 hospitals in our region was $4,807,406 (median, $2,212,404 [range, $0 to $27,889,233]; 7 hospitals received no payments). The summary statistics for DSH payments across 2011 to 2013 are included in Table I .
Discussion
T he weighted mean Medicaid share (for trauma and elective cases combined) was 1.0, indicating sufficient delivery of care for the region's Medicaid beneficiaries. However, as evidenced by the region-wide weighted coefficient of variation of 69, there was wide variation in the delivery of inpatient ortho-paedic surgical procedures to Medicaid beneficiaries among the hospitals within our metropolitan region. At the hospital level, 7 of the 22 hospitals in the region had a Medicaid share ratio of >1.5, and 5 of the 22 hospitals in the region had a Medicaid share ratio of <0.5. It is important to note that, for the purposes of our study, we have arbitrarily designated a Medicaid share ratio of 1 as a target for hospitals. We are not attempting to determine the appropriateness of orthopaedic utilization among Medicaid beneficiaries in the areas surrounding each individual hospital, but are using the Medicaid share ratio to demonstrate the high variability among hospitals within a relatively small geographic region (within 25 miles).
There was also variation based on the nature of the surgical procedure provided (trauma or elective). We performed subgroup analyses for elective-only and trauma-only cases, hypothesizing that there would be greater parity for trauma care (hip hemiarthroplasty, femoral fracture repair, tibial and fibular fracture repair). This hypothesis was supported by our data, as the weighted coefficient of variation for trauma-only cases was 34 and the weighted coefficient of variation for elective-only cases was 93, demonstrating very high variation for the latter and much lower variation for the former. With regard to the high variation for elective-only cases (total hip arthroplasty, total knee arthroplasty, spinal decompression, spinal fusion), some hospitals provided extremely high and extremely low proportionate care to Medicaid beneficiaries. These extreme cases mapped closely to the prevalence (or lack thereof) of Medicaid beneficiaries within the communities surrounding the hospital (Fig. 2 ), suggesting that many hospitals in communities with low volumes of Medicaid patients are even less likely to provide elective services to those patients. This may be a reflection of practice patterns of individual surgeons who perform surgical procedures at these hospitals, as access to elective care may be limited because of surgeon unwillingness to treat Medicaid patients 5,7-10 . These differences based on trauma cases compared with elective cases persisted within subgroup analysis grouped by patient age.
Our study carries limitations that are associated with the method of data collection. As we worked with claims data (which were not obtained specifically for research purposes), we were unable to determine the impact on clinical outcomes. Given the exclusive focus on hospitals in the region surrounding our own center, there is a potential lack of generalizability beyond our region. However, our region is among the 20 largest metropolitan areas in the United States and has a broad array of socioeconomic and radial diversity. We have also captured inpatient surgical procedures only and cannot comment on ambulatory services provided including clinic visits and outpatient surgical procedures. However, the variation in these ambulatory services is likely to be even wider given their largely discretionary nature. Although we were unable to examine the impact of hospital affiliation networks because of the limited data available (only 2 large networks within the area studied), there is also the distinct possibility that referrals within these networks may influence locations where patients ultimately receive care. We also focused our study on patients who were 18 to 64 years of age and excluded patients who are "dual eligible" for both Medicare and Medicaid. In the latter situation, Medicare would be the primary payer for a surgical procedure. Lastly, we excluded patients who resided >10 miles from the hospital where the surgical procedure was performed. This was done to focus the study on delivery of care to those individuals living in the area surrounding each hospital, as our main goal was to examine the variability in how hospitals serviced their surrounding communities (at a hospital level). Some Medicaid patients received care from surgeons and hospitals >10 miles away from their home and were excluded from our analysis. Among all Medicaid patients in the area studied (those living in any of the 115 ZIP codes within 10 miles of at least 1 of the 22 study hospitals), 75.9% of patients lived within 10 miles of their hospital, and the mean distance traveled for care was 7.5 miles (median, 5.8 miles [interquartile ratio, 3.4 to 9.9 miles]). This provides assurance that we have captured the vast majority of care delivered to Medicaid beneficiaries.
Disproportionate provision of care to underinsured patients has been addressed with payment policy adjustments, as evidenced by the implementation of the DSH payment program in 1981 21, 22 . The U.S. Affordable Care Act (ACA) includes provisions that will substantially decrease DSH payments 23 . This was done under the assumption that increased Medicaid enrollment (and accompanying reimbursement to hospitals) would negate the diminished DSH payments. However, fragmented implementation of the ACA has led to less-than-expected increases in Medicaid enrollment. As the DSH payments decline in the coming years, there is substantial risk that the hospitals currently bearing the burden of caring for underinsured patients will be unable to continue. Our empirical analysis provides additional evidence demonstrating that some hospitals provide substantially more services to Medicaid patients than others, suggesting that access to orthopaedic surgical procedures that improve quality of life and provide societal benefit is unevenly distributed. This may have the unfortunate consequence of exacerbating existing socioeconomically and racially based disparities in access to care. At a hospital level, restoration and preservation of DSH payments would aid in maintaining access to specialty care for Medicaid beneficiaries. However, a general lack of physician willingness (particularly among orthopaedic surgeons 10 ) to see Medicaid patients is another notable barrier to delivery of care. Further research is needed to understand the elements of physician behavior, beliefs, and practice patterns that limit their Heat map demonstrating the distribution of Medicaid beneficiaries within the study area for trauma cases only for each hospital, with the proportion of each hospital's total inpatient orthopaedic caseload with Medicaid as the primary payer and the Medicaid-insured proportion of the population within 10 miles of each hospital. Hosp = hospital, Mdcd = Medicaid, Lcl = local, Trau = trauma, Pts = patients, Surr = surrounding, and Pct = percentage. willingness to treat Medicaid patients, especially among subspecialists. Although the low reimbursement typically associated with Medicaid 15 is often cited as a large contributor to this reticence, it is possible that there are other issues that can be identified and addressed through policy reform and encouragement by professional and specialty societies.
